Aim: Accord ing to literature sources, cognitive dysfunction is one of the most com mon strokeinduced disorders. Despite the high number of cases of cognitive disorders after stroke, treatment options are still rather limited. The aim of this study was to as sess the effi ciency of cognitive train ing in individuals after stroke, in particular computer-based cognitive rehabilitation (CBCR) program mes. Methods: The analysis included studies where intervention of a CBCR program me was applied to subjects after stroke. We searched PubMed (Medline), Cochrane Database, and EBSCO for publications between January 2007 and July 2016. All the included studies were published in English. Results: Ten studies met the inclusion criteria. The included studies consisted of nine randomised control led trials and one randomised pilot study. All the studies targeted general or domain-specifi c cognitive functions. The majority of the included studies resulted in the improvement of the as ses sed functional outcome measures. Conclusion: The overview conducted by the authors of this article al lows us to claim that CBCR program mes may help to improve cognitive functions in subjects after stroke.
Introduction
Stroke is a lead ing cause of death and a source of persistent disability around the world [1] . One year after a stroke, 35% of patients are functional ly dependent, indicat ing that stroke is a lead ing cause of disability [2] . Some of the patients remain disabled due to cognitive, psychosocial, and motor dysfunction, which limits their daily activity and work ing capacity. Stroke becomes a big burden both to patients and their caregivers. For example, a stroke can includ ing those that require attention, plann ing or work ing memory with a pencil and paper, or computerised activities, and those that teach compensatory strategies [7] . Bahar-Fuchs et al suggest that cognitive train ing traditional ly involves guided practice on a set of standardised tasks designed to reflect particular cognitive functions, such as memory, attention, or problem solving. Tasks may be presented in a paper and pencil format or may also be computerised [8] .
As reported by Prigatano, it is neces sary to constantly develop new techniques for the remediation of disturbed higher cerebral functioning, while still attend ing to the patients' personal experiences and helping them adjust to their neuropsychological deficits in the context of interpersonal situations [9] . Accord ing to the recommendations of evidence-based studies, computer-based interventions include active participation of a therapist to foster insight into cognitive strengths, and may be used as part of a multi-modal intervention for various cognitive defi cits and weaknesses to develop compensatory strategies, and to facilitate the transfer of skil ls into real-life situations. Cognitive rehabilitation is ef fective in help ing patients learn and apply compensations for residual cognitive limitations [10] .
The guidelines of the European Federation of Neurological Societies indicate that the use of virtual environments has shown positive eff ects on verbal, visual, and spatial learning, and that memory train ing in virtual environments is rated as pos sibly eff ective (Level C recom mendation) [11] . According to the 2015 update of the Canadian Stroke Best Practice Recom mendations: Mood, Cognition and Fatigue Module, direct remediation/ cognitive skil ls train ing should focus on provid ing intensive specifi c train ing to directly improve the impaired cognitive domain. The recom mended methods include drill and practice exercises, mnemonic strategies or computer-based tools directed at specifi c defi cits (evidence Level B) [12] .
Cognitive rehabilitation interventions are usual ly clas sified into two methods. The first one is conventional cognitive rehabilitation, which usual ly consists of the performance of paper-and-pencil tasks and may therefore restrain cognitive training [5] . The second one is computerbased cognitive rehabilitation (CBCR) that provides standardised and structuralised train ing program mes, and al lows users to adjust the degree of task diffi culty to their individual cognitive levels [13] . CBCR enables an integrated and personalised cognitive rehabilitation train ing that simultaneously targets several cognitive domains, such as memory, attention, executive functions and visuospatial abilities in a more valid approach [5] .
Technological in novations have resulted in computerised cognitive train ing and virtual reality cognitive training, which provide more cost-ef fective, acces sible, flexible, and comprehensive interventions [14] . Such program mes are designed to address specifi c cognitive functions in people whose functions are impaired after brain damage due to a stroke. The choice of a specific computer program me depends on which hemisphere of the brain was damaged -left or right, cortical vs. subcortical -and on the level of cognitive impairment. In addition, it provides instant and direct feedback on the performance of the damaged area [15] .
The aim of this study was to as sess the effi ciency of cognitive train ing with CBCR program mes for individuals who have suffered a stroke.
Methods
Independently selected studies for this systematic review were CBCR program merelated studies of stroke patients published between January 2007 and July 2016. The cognitive functions of both groups significantly improved after intervention. In the LOTCA-G score in CG was more signifi cant than in EG (p < 0.05), no signifi cant diff erence was found in the K--MMSE scores (p > 0.05).
In the CG signifi cant improvements were shown in the details of the LOTCA-G, includ ing perception, visuomotor organization, memory, attention (p < 0.05).
Zucchel la et al [17] Functio [17] . The majority of the studies that we looked at indicated the type of stroke analysedboth ischemic and hemor rhagic stroke were analysed in fi ve studies [15] [16] [17] [18] [19] , and only ischemic stroke was analysed in one study [20] . Four analysed studies reported on stroke in general, regardless of its type. All the studies recorded the age and gender of their subjects; however, fi ve of them also indicated the length of education in years. An overview of all the studies covered by our research is presented in Tab The total number of the subjects of our overviewed studies was 349; 177 of them used CBCR program mes for cognitive rehabilitation, and 172 were subjects in control groups (with other intervention methods or conventional rehabilitation used for their rehabilitation). The smal lest number of subjects in the analysed studies was 16 and the highest was 87 subjects. Their age ranged from 34 to 89 years. Five studies targeted patients with acute/ subacute stroke, and the remain ing five included patients with chronic stroke (> 5 months). Various studies of CBCR program me infl uence on cognitive functions at acute or chronic stroke stage showed that there was substantial improvement of cognitive 3. no neurocognitive or functional outcome measures were included; and 4. full texts of articles were not available.
Results
The search that we car ried out returned 174 results. After perform ing a thorough screen ing accord ing to selected key words, 67 articles that analysed cognitive functions were selected. Over all 45 articles out of these 67 were rejected because they did not meet the inclusion into the study criteria. This was performed by review ing them and mak ing a decision depend ing on the title and abstract of hit articles. After detailed evaluation of the remain ing 22 articles, 12 more were rejected because they did not specify the methodology of the application of computer-based program mes. At the end of the screen ing proces s, a total of 10 articles that could be easily acces sed met the study criteria and were included in the fi nal review (Fig. 1) In all the studies that met our inclusion criteria, the infl uence of CBCR in patients after stroke with mild cognitive impairment was reviewed. The majority of the analysed studies as ses sed only general cognitive functions, and only a few were dedicated to the analysis of separate cognitive functions (memory, work ing memory, attention, space perception). Some studies showed that a specific CBCR program me may contribute toward the recovery of visual perception [13, 18] . Several trials revealed statistical ly signifi cant diff erences between groups in the domains of memory and visual attention [3, 17, 19] . Some studies suggested that the loss of attention after stroke could interfere with the recovery of other cognitive functions [3, 17, 19, 21] . Zucchel la et al discus sed that rehabilitation of mild cognitive impairment is usual ly based on the retrain ing method, which demonstrates positive eff ects particularly in the domain of attention [17] . Participants of the reviewed studies us ing a CBCR program me demonstrated significantly greater improvements compared with participants us ing conventional cognitive rehabilitation on aspects such as memory, attention, visual perception, and executive functioning.
As noted by researchers, future studies should focus not only on how general cognitive capacity changes in the course of the study, but should also distinguish and analyse in detail cognitive functionsmemory, attention, space perception etc. [13, 18] . As other researchers on the topic have indicated, sample size of studies should evidence from literature on this topic suggests that cognitive impairment can increase disability and indirectly af fect functional recovery after stroke as a result of reduced participation in rehabilitation and poor adherence to treatment guidelines [23] . The shortage of rehabilitation providers and resources in dif ferent countries has limited the provision of adequate and appropriate rehabilitation services to stroke survivors [24] . Novel strategies are becom ing available to overcome the modest benefi ts of conventional rehabilitation [14] . Various CBCR program mes have been developed to treat diff erent areas of cognitive impairment.
This systematic review evaluated studies that as ses sed the effi ciency of CBCR program me interventions aimed at improving cognitive function in individuals after stroke. The strengths and limitations of these studies are discus sed to understand their application in practice and to learn about the research design for future studies as sess ing the eff ectiveness of CBCR in patients after stroke.
The results of these studies reveal that CBCR is eff ective for recovery of cognitive functions in stroke patients who present cognitive impairment and who would be expected to have a quicker rehabilitation [3, 13, 20, 22] . After conduct ing a study, Res sner et al claim that brain plasticity is probably crucial for succes sful CBCR, and one might anticipate a greater eff ect of CBCR in patients with acute demarcated brain lesions (as in stroke) than in patients with a diff use neurodegenerative disorder [20] .
(Hasomed GmbH, Magdeburg, Germany), U.M.N.I.K. 2011-2012, ComCog, IREX system® (Vivad group, Toronto, Canada), and CAMSHFT. Treatment ses sions and periods varied among studies (Tab. 2). Interventions were implemented for 4-6 weeks in most of the studies (N = 8) . The duration of one analysed study was 2 weeks [21] , and other studies lasted for 12 weeks [20] . The shortest intervention of a CBCR program me applied was 60 min per week, and the longest 240 min per week. The duration of program me application over the entire rehabilitation period ranged between 240 and 1,080 min.
In order to evaluate the cognitive functions of subjects, 7 studies used the Mini-Mental State Examination, 5 studies used diff erent Neuropsychological Tests Batteries, and 2 studies used Montreal Cognitive As sessment or Loewenstein Occupational Therapy Cognitive As ses sment. Some studies also employed Activity Daily Life (ADL) as sessment, Functional Independence Measure (N = 3), and Modified Barthel Index (N = 2), and 1 study used the IADL scale. Other as sessment tools were also used; they are listed in Tab. 1. All the studies targeted general or domain-specifi c cognitive functions, including attention, execution function, general cognition, language, memory, proces s ing speed, visuospatial ability, verbal fluency, work ing memory, and visual perception. General cognitive functions were analyzed in 7 studies, memory in 2 studies, visual perception in 2 articles, and attention was the focus of only 1 article. All the analysed studies had inclusion and exclusion criteria, determined as well as experimental, and control groups involved. In 7 studies, traditional rehabilitation was applied to subjects of control groups. In 3 other studies, the cognitive functions of control subjects were trained us ing a CBCR program me, and the results achieved were compared with the data of experimental groups where cognitive functions were trained us ing other interactive technologies [15, 18, 19] . A CBCR program me was applied in subjects of experimental groups in 7 studies; subjects of control groups were administered traditional rehabilitation measures [3, 13, 16, 17, [20] [21] [22] .
Discus sion
Cognitive function is an important parameter which may help to establish the prognosis of the damage caused by stroke, and which determines the quality of a patient's subsequent life [15] 
Conclusions
The conducted systematic overview of 10 selected studies al lowed us to identify the ef ficiency of CBCR program me intervention for improvement of cognitive functions in subjects after stroke. Current evidence regard ing ef fectiveness of these interventions for improvement of cognitive functions in subjects after stroke is limited. The majority of the studies analysed in this research project indicated that such interventions might contribute to improvement of cognitive function, especial ly attention concentration and memory. However, not all the studies reported to have observed a signifi cant difference between the study groups.
The most com mon limitations in the conducted studies are the fol lowing: too small sample size; separate cognitive functions (subcategories) are recom mended for analysis; interventions are suggested to be delivered in the early stages of stroke; monitor ing of performed interventions is needed after some time (continuity); the age range of subjects is too broad; and the chosen research instruments are inappropriate. However, this overview provides basic information necessary to promote the implementation of new, in novative technologies in rehabilitation and further application of computer-based interventions. By analys ing diff erent studies of other researches in the field, our team was trying to fi nd out if these CBCR program mes have standardised application guidelines that would defi ne the uniformity of their application for patients after stroke. After perform ing this analysis, we are plan n ing to car ry out a study dur ing which a CBCR program me will be applied to patients after a stroke. intervention for develop ing cognitive functions (CAMSHFT algorithm, IREX system) shows that virtual reality train ing combined with CBCR may be of additional benefit for treat ing cognitive impairment in stroke patients [18, 19] .
In the analysed studies, the majority of subjects were middle or older age. There is a stereotype in society that individuals of these age groups struggle in perform ing tasks with computers. However, Zucchel la et al in their 2014 study found that compliance with the program me was general ly high, even among older patients less familiar with computers; the computer interface was very simple and user-friendly and, instead of be ing a limiting factor, might have made the treatment more pleasant and motivat ing for patients, as suggested by the satisfaction score, which was signifi cantly higher in the study group [17] .
Our results show that a variety of computer program mes for develop ing cognitive functions exists. The duration and intensity of their application is diff erent. The majority of the studies analysed reported a similar duration of intervention (4−6 weeks), and only in one study was the CBCR program me applied for 3 months [20] . Prokopenko et al conducted a study where a CBCR program me was applied for only 2 weeks [21] . There is a lack of detailed guidelines in the analysed literature that would define the optimal intensity and duration of application of each computer program me in case of different disorders. The overview performed as part of our research demonstrates that some studies applied the same computer program me of diff erent intensity -2-5× per week and 240-1,080 min in total time [3, 22] .
In order to evaluate the continuity of performed studies, reports on the repeated as ses sment of cognitive functions a few months fol low ing rehabilitation are insuffi cient in the majority of analysed studies. Only Res sner et al claim to have plan ned a repeated as ses sment of subjects after one year [20] . The majority of analysed studies comprised small sample sizes of subjects (only two studies had more than 20 subjects per group [17, 22] ), which was probably a result of adher ing to strict inclusion into/ exclusion from a study's criteria. The studies emphasize that due to small sample size it is diffi cult for them to prove the eff ectiveness of new program mes. None of the studies reported an a priori sample size calculation to determine the sample size needed to reveal clinical ly signifi cant eff ects. be greater, and it is neces sary to conduct studies with subjects clas sified by postonset duration of stroke, damaged area, and cognitive function [22] . A number of studies in rehabilitation apply interventions that develop cognitive functions in chronic patients; however, some authors claim that CBCR program mes applied in the early stage after stroke may produce an expected optimal benefit and guarantee faster recovery of cognitive functions [13, 17] . Accord ing to Kim, the priorities at the acute care unit are both dia gnostic as well as therapeutic interventions. Depend ing on medical conditions (hemor rhagic or nonhemor rhagic lesion, size and site of stroke, underly ing health status), treatment options are determined. It is suggested that early rehabilitation intervention is neces sary even if a dia gnostic or therapeutic plan is not completed. At this phase, rehabilitation starts with a less intensive approach [25] .
The risk of post-stroke cognitive impairment is related to both the demographic factors such as age, education and occupation, and to vascular factors [26] . Many studies have demonstrated that higher levels of intel ligence as well as of educational and occupational attainment are good predictors of which individuals can sustain greater brain damage before demonstrating functional defi cit. Rather than suggesting that the brains of these individuals are gros sly anatomical ly dif ferent from those with less reserve (e. g. they have more synapses), the cognitive reserve hypothesis posits that they process tasks in a more effi cient man ner [27] . In all reviewed studies research subjects were divided by gender and brain damage localisation, but the effect of CBCR program me was not discussed with respect to these parameters. On the other hand, Gottesman and Hil lis argued that gender diff erences in the distribution of cognitive dysfunction after stroke might be attributable to dif ferences in stroke mechanisms between men and women [28] . The role of the gender of patients in recovery after stroke is contradictory. Accord ing to some studies, female patients need rehabilitation program mes to focus more on improv ing their physical function ing and to dia gnose and treat depres sion because of gender disparities in recovery and outcomes after stroke [29] .
Research where changes in cognitive functions were analysed apply ing a CBCR program me in combination with another
